The Magellanic Clouds, especially the Large Magellanic Cloud, are places where multiple distance indicators can be compared with each other in a straightforward manner at considerable precision. We here review the distances derived from Cepheids, Red Variables, RR Lyraes, Red Clump Stars and Eclipsing Binaries, and show that the results from these distance indicators generally agree to within their errors, and the distance modulus to the Large Magellanic Cloud appears to be defined to ±3% with a mean value (m − M) 0 = 18.48 mag, corresponding to 49.7 Kpc. The utility of the Magellanic Clouds in constructing and testing the distance scale will remain as we move into the era of Gaia.
Introduction
The Magellanic Clouds (MC) are the closest populous galaxies to our own, and as such contain significant numbers of most of the indicators used to make up the distance ladder that transfers geometrically measured distances for nearby stars to the far universe via multiple overlapping steps. Both galaxies are now realized to be complex systems interacting with each other but not perhaps as-yet with the Galaxy (Nidever et al. 2010; Olsen et al. 2011; Besla et al. 2011 ).
The main structures of the Large Magellanic Cloud (LMC) lie reasonably close to the plane of the sky (Nikolaev et al. 2004 ), but the Small Magellanic Cloud (SMC) has long been realized (Caldwell & Coulson 1986 ) to form an extended structure almost in the line of sight. Although at times a Galaxy-LMC-SMC comparison is useful to test the metallicity dependence of some particular distance indicator, in general the SMC is of rather less utility than the LMC for distance scale work. The approximation that the LMC is sufficiently compact and distant that its contents are all at the same distance from us -and yet close enough that crowding and faintness are usually not issues -is a highly valuable attribute, although when pushing for distance comparisons at the few percent level the effects of sample size and spatial distribution will be important, and corrections for the geometry of the LMC, should be carefully considered. For small samples the possible line of sight variation in distance to any particular star must be taken into account as it may be significantly different from the mean distance, and for unique distance indicators such as SN 1987A the distance determined is of course that for the object itself and to go from that distance to the mean distance of the corresponding galaxy requires an extra step with its own associated error. In some cases the latter may be difficult to determine (Saha et al. 2010; Olsen et al. 2011) .
Over the past decade the controversy over the "long versus short" distance scale has -4 -largely been resolved, with the corresponding values of the Hubble Constant (∼ 50 vs.
∼ 100 respectively), settling to an intermediate value, with rather small errors usually quoted (Freedman & Madore 2010; Riess et al. 2011) . Although the range of LMC distances given by all available indicators in an oft-quoted compendium by Benedict et al. (2002) is large, some of the more notable outliers (e.g. RGB clump stars) are now better understood and more nuanced evaluations have generally been consistent for the distance indicators considered most reliable (Walker 2003; Alves 2005; Clementini 2008) , to ten percent or better. Does this mean that the distance scale is now rather a less important topic than when apparently careful studies obtained values for the Hubble Constant that were a factor-of-two different? Today in the era of precision cosmology, as typified by the Wilkenson Microwave Anisotropy Probe (WMAP) results (Komatsu et al. 2011) , the Hubble Constant is generally used as a prior in the interpretation of the relations that describe the components that make up the energy-density of the Universe. Knowing the Hubble Constant to a (very) few percent is thus essential (Freedman & Madore 2010) and so we conclude that the study of distance indicators is still of significant scientific importance.
The improvement of instrumentation over the past decade and a half, chiefly the availability of the Hubble Space Telescope (HST) with its series of imaging cameras (WFPC2, ACS, WFC3), has allowed the Cepheid distance scale to be extended well beyond the Local Group. Additionally, measurements with the Fine Guiding Sensors (FGS) have allowed a direct calibration by parallaxes for 10 Galactic Cepheids (Benedict et al. 2007) , and with a geometrical distance to the maser galaxy "NGC 4258" (Macri et al. 2006) available for comparison, the "one step" jump to the Supernovae Ia (SNIa) that are used to probe to great distances would seem to reduce the importance of the MC in distance scale work. But the history of the subject shows systematic errors are invidious; the well known adage that "The Hubble Constant at any given time has always been known to 10 -5 -percent, despite having changed over that period by a factor of 10" should not be forgotten.
For these reasons the importance of the MC, and especially the LMC remains intact, providing a sanity check on the validity of the lower rungs of the distance scale ladder. The availability of large telescopes with relatively wide-field imagers (e.g. Subaru, Magellan, LBT) means that such comparisons are not restricted to the MC, with the more luminous distance indicators able to be compared for instance in M31 and M33.
The discussion here is not meant to be inclusive of all distance indicators that have ever been suggested, and specifically excludes those that at the present time have insecure calibration or large errors. The meeting associated with this review had as its focus The Gaia Perspective and thus the distance indicators chosen here: Cepheids, Red Variables, RR Lyraes, Red Clump Stars, Eclipsing binaries -all have their zero-point calibrations depending on fundamental geometric methods. These calibrations will be greatly improved by Gaia, and some other distance indicators can be expected to join this list. This selection does of course introduce some bias of its own, which the reader is well advised to bear in mind (Schaefer 2008) . Unless stated otherwise the distances tabulated are those determined by the authors of the papers quoted. The recent comprehensive review of pulsating variable stars in the MC by Clementini (2008) is highly recommended for a discussion complementary to that here; other important recent discussions are those of Tammann et al. (2008); Freedman & Madore (2010) both of which contain copious references to earlier work.
Cepheids
The zero-point of the Cepheid period-luminosity (PL) relation (Leavitt Law) is now best determined from the parallax measurements for 10 Cepheids determined directly with HST FGS (Benedict et al. 2002 (Benedict et al. , 2007 . The results can be combined with data for -6 -Cepheids in clusters and associations (Feast & Walker 1987; Turner & Burke 2002) or with pulsation parallaxes (Baade-Wesselink method) e.g. Fouqué et al. (2007) to form accurate PL relations covering a wide period range (Turner 2010) . The average error in the individual HST Cepheid parallaxes is 8%, it is noteworthy that these errors are typically a factor 10 smaller than those measured for 220 Galactic Cepheids by Hipparcos, as discussed by Feast & Catchpole (1997) . Benedict et al. (2007) and 18.45 ± 0.04 (J, K mag period-luminosity-color relation), again with no correction for possible metallicity effects. The effectiveness in using directly measured Cepheid parallaxes is obvious, and the improvement that will come with Gaia is enormous, with almost half the 20.000 estimated Cepheids in our Galaxy being accessible (Windmark et al. 2011 ).
The concerns when transferring a Cepheid PL relation from the Galaxy to the LMC and beyond mostly are regarding the effect of metal abundance on the slopes (Gieren et al. 2005; Fouqué et al. 2007; ) and zero-points (Bono et al. 2008; Kudritzki et al. 2008; Scowcroft et al. 2009; Storm et al. 2011a; Freedman & Madore 2011 ) of the PL relation. Careful choices of targets and band pass(es) can reduce degeneracies from reddening and period distribution differences, and comparison of the Cepheid distance scale with other methods for galaxies with a wide range of environmental conditions is instructive (Mould & Sakai 2008 , 2009a Hislop et al. 2011) . Treating this controversial topic (Sakai et al. 2004; Romaniello et al. 2009 ) in detail is beyond the scope of this review. (Sakai et al. 2004 ) the LMC modulus would decrease to 18.39.
We conclude that almost all the recent work, when zero-pointed from the Benedict et al. Additionally, both these band passes are relatively insensitive to the effects of reddening. The analysis of the Hipparcos parallax data by Whitelock & Feast (2000) was revised and extended by Whitelock et al. (2008) who also add 5 OH masers with parallaxes from the ESO VLTI, and 11 Miras in globular clusters where the distance zero-point is based on Hipparcos parallaxes for subdwarfs (Carreta et al. 2000) . The corresponding infrared photometry is almost exclusively from the SAAO. They divide their Hipparcos sample into carbon-rich and oxygen-rich samples, and then subdivide these samples in various ways, finding that carbon-rich stars give a similar zero-point but with larger uncertainty, and no significant effect with metallicity is found. Assuming the slope for the PL(K) relation as 
2004
) and comparing to stars in the MC. They show the various P-L zero-points have a negligible metallicity dependence, and find an LMC modulus of 18.54 ± 0.03 (internal), plus the modulus difference between the LMC and SMC is 0.41 ± 0.02mag.
We conclude that the results from the red variables give an LMC distance modulus of close to 18.51 mag.
RR Lyraes
RR Lyraes are low mass (∼ 0.6 − 0.8M ⊙ ) core-helium burning stars that lie within the pulsational instability strip in the horizontal branch region of the Hertzsprung-Russell (HR) diagram. In the V band the absolute magnitudes exhibit a dependence on metallicity that appears from both observations and theory to be linear over a wide range (at least −2.5 < [F e/H] < −1.0) and universal (Bono et al. 2008; Clementini 2008) , with Gratton et al. (2004) finding by combining their spectroscopy of ∼ 100 field RR Lyraes from the photometric study by Clementini et al. (2003) that
However, this simple relation may not be valid in some environments, for instance Caputo (2011) The zero-point calibration rests on the parallaxes for five RR Lyrae stars, a calibration via globular clusters whose distances are determined via absolute magnitudes for subdwarfs as measured by Hipparcos, and from various theoretical and empirical relations. Catelan & Cortes (2008) form a weighted mean of the three parallax measurements available (HST, Hipparcos, Ground) for RR Lyrae itself to obtain a final value of π abs = 3.78 ± 0.19 mas, corresponding to a distance modulus of 7.11 ± 0.11 mag. By means of theoretical models relating absolute magnitudes for RR Lyrae stars to their periods and the Strömgren pseudo-color c 0 together with their calculated reddening and intensity-mean V magnitude (< V >) they derive an absolute magnitude for RR Lyrae of < M V >= 0.600 ± 0.126. Such careful analysis is essential when the calibration rests on a single star; the situation has improved very recently with the publication of parallaxes for five RR Lyrae stars (including an improved parallax for RR Lyrae) by Benedict et al. -11 -(2011) , received as a preprint as this review was in preparation.
Distances to globular clusters can at present be most directly determined via fitting local subdwarfs whose distances have been determined by Hipparcos to the unevolved main sequence of the GC in the CMD (Carreta et al. 2000) . Such calibrations require the cluster reddening and metallicity as input, and for well-studied globular clusters the distances so-obtained agree within the errors with other methods e.g. see Coppola et al. (2011) for   M5 . This results will soon be greatly strengthened by improved HST FGS parallaxes for more subdwarfs (Chaboyer et al. 2011 ). The NIR PL relations derived theoretically by Bono et al. (2003) and Catelan et al. (2004) also agree rather well with those using either of the above empirical methods.
There are a number of recent independent studies measuring RR Lyraes in the NIR in the LMC for both field and clusters (Borissova et al. 2004; Dall'Ora et al. 2004; Szewczyk et al. 2008) , and the authors variously choose to use empirical or theoretical derivations for the zero-point. In all cases the error on the resulting distance modulus is ∼ 0.1 − 0.15 mag, and the range 18.48 -18.58 mag. However, with the new parallaxes from Benedict et al. (2011) it is clear that using their absolute magnitude scale is the most robust way to establish the Population II distance scale at present; we quote their results for the LMC distance taking the mean of their two methods for bias corrections, Lutz-Kelker-Hanson (LKK) (Hanson 1979 ) and reduced parallaxes (RP), (Feast 2002) , however the difference in LMC modulus between these is small, and they find that an The distance to the LMC from analyses of field RR Lyraes observed in optical band passes depends on the treatment of the reddening; this is not only a problem just for the RR Lyraes of course and is probably the strongest driver for moving to the infrared when at all possible. Also, three of the five galactic RR Lyrae stars with HST parallaxes have E(B − V ) ≥ 0.1 mag, so assuming the K magnitudes for the parallax stars are accurate (see Feast et al. (2008) for a description of how the K band magnitudes were obtained), then the zero-point is potentially more robust in the infrared as well. Thus in the optical, the primary difference between distances derived from the data of Gratton et al. (2004) and Soszyński et al. (2003) is due to the different reddening used in the two studies, with For the SMC, a recent Fourier analysis of the light curves for 335 RRab and 17 RRc selected from an OGLE-II sample of 536 single-mode RR Lyraes by Deb & Singh (2010) yields a distance modulus of 18.83 ± 0.01 mag (internal) using intensity-weighted mean magnitudes and an absolute magnitude calibration from Kovács & Jursik (1996) . It would be interesting to compare this result with that obtained with a more modern RR Lyrae zero-point calibration (some 0,2 mag brighter) and re-examination of the reddening corrections, Kapakos et al. (2011) similarly analyze 100 carefully selected RR Lyraes from the OGLE-II and OGLE-III catalogs, and calculate an SMC modulus of 18.90 ± 0.18 referenced to an LMC modulus of 18.52 ± 0, 06. The RR Lyraes from the OGLE catalogs are clearly a very rich resource for delineating the structure of the MC as exhibited by its -13 -oldest populations, in addition to mean distances to the galaxies themselves.
We conclude that the RR Lyrae results for the LMC distance tend in the mean to give a result near 18.53 mag, with more dispersion than is desirable in the optical analyses, due to differing treatments of reddening. Further analysis of the OGLE data together with the new Galactic calibration, should allow the situation to be dramatically improved.
Red Clump Stars
Red clump stars are common in the solar vicinity and many have accurate Hipparcos parallaxes allowing an accurate mean absolute magnitude for the solar sample to be derived (Alves 2000; Groenwegen 2008 ). Several authors e.g. and references therein have shown that substantial corrections are needed for age and metallicity, and that these are very dependent on the band pass, for instance if the stars are around 2 Gyr old then the K band is excellent with no metallicity correction needed, whereas if the stars are very old the I band is better, and generally the V band should be avoided ). This conclusion was also reached empirically by Pietrzyński et al. (2003) . The theoretically derived population corrections and in particular the K band mean absolute magnitude found by Salaris et al. (2003) 
Eclipsing Binaries
Detached binaries that are spectroscopically double-lined and also photometrically eclipsing allow the measurement of the fundamental stellar parameters for the two companions, with the distance able to be determined with the addition of the absolute surface brightness, first pointed out by Lacey (1977) . The absolute surface brightness can be found empirically from the surface brightness -color relation which is well established for stars of spectral type later than A5 from interferometrically-measured stellar angular diameters. For early type stars the process is less empirical and at present relies on accurately determining the effective temperatures e.g. Bonanos et al. (2011) . But in principle, the use of detached double-lined eclipsing binaries for determining distances with a minimum of assumptions (Andersen 1991; Torres et al. 2010) has the potential to allow one-step distances to several nearby Local Group galaxies (Paczynski 1996; Hilditch 2006) .
Until very recently this type of analysis in the LMC has been restricted to a few early type systems (Guinan et al. 1998; Ribas et al. 2002; Fitzpatrick et al. 2002 Fitzpatrick et al. , 2003 , and to 21 detached systems in the SMC (Hilditch et al. 2005) . The first LMC results tended to give rather short distances, 18.30 ± 0.07 (Guinan et al. 1998) , 18.38 ± 0.08 , 18.53 ± 0.05 , 18.18 ± 0.08 (Fitzpatrick et al. 2003) . The latter system has low (galactic only) reddening which would support it being foreground to the main body of the LMC, as suggested by Fitzpatrick et al. (2003) . The faintness of late type systems at the distance of the MC makes their study difficult, however OGLE III discoveries of G giant systems will enhance the sample of LMC detached eclipsing -15 -binaries considerably and allow a more direct derivation of distance than with the early type systems, with smaller expected systematic uncertainty. The first of these new analyses, for a system consisting of two G4III stars, has been published by Pietrzyński et al (2009) .
Their derived value for the distance of this system is 18.50 ± 0.06 mag, using the V − K surface brightness -color relation of di Benedetto (2005) . Pietrzyński et al. (2010) point out that with the discovery of a few dozen such systems in the MC we will be able to determine the distances to both galaxies to 1 − 2% accuracy from this method alone.
In summary, unlike the other LMC distance indicators discussed above that due to their copious numbers can have the statistical errors in their mean apparent distance reduced to small levels, there are at present only six detached double-lined eclipsing binaries in the LMC with published distances. Three of these cluster closely around a modulus of 18.52 mag, the other three have much shorter moduli. Setting aside the very discrepant value for HV5936 (18.18 mag), the remaining five systems provide a mean LMC modulus of 18.45 mag.
Conclusions
The distance indicators discussed above show remarkable agreement. The mean of the mean distances stated above at the end of each section for the five distance indicators is 18.48 mag, and the range is ±0.05 mag. With most of the measurements discussed quoting internal errors typically 0.01 − 0.03 mag, and with the inclusion of external (calibration) errors typically 0.04 − 0.09 mag, adopting the mean of the means and the range as our present best estimate for the distance of the LMC and its error seems justifiable. The Cepheid result (18.45 mag) is uncorrected for the metallicity difference between the Galaxy and the LMC; a corollary is that such a correction cannot be very large.
-16 -An accurate distance scale is a prerequisite for studying many of the most profound question in astronomy,and the MC. particularly the LMC, continue to play a pivotal role in improving and understanding a variety of distance indicators. Major recent surveys of the MC have provided enormous increases in the numbers of such stars, helping to improve our understanding of their properties and allowing the preparation of unbiased samples for comparison in detail with stars in our own Galaxy and elsewhere. The sample sizes are such that calibration and cross-calibration effects are becoming dominant, however the demands of the target science are such that these effects need to be understood at the ∼ 0.02 mag level, and preferably at least a factor of two better. The several standard systems in the near IR require very careful transformation work, and similar procedures will be needed in the optical, where the tendency for the new wide field instruments becoming available in the south on large telescopes to survey in the filters approximating the SDSS system will complicate comparisons with legacy data obtained in the Johnson-Cousins system.
The zero-point calibrations have improved for both Cepheids and RR Lyraes. Hipparcos first provided parallaxes for Cepheids and red clump stars, while HST FGS has provided high quality measurements for a few Cepheids and RR Lyraes, and should soon also further strengthen the Population II scale with good parallaxes for a few subdwarfs. GAIA will make dramatic improvements with factors of at least a hundred increase in both sample sizes and astrometric accuracy. Eclipsing binaries also provide a very fundamental way to determine the distances to the MC, and here the discovery of G III examples, allowing a more straightforward analysis, is a major advance. Improved calibrations and analysis techniques for the early type stars are also providing more reliable results for these stars.
Finally, intense efforts on understanding the evolutionary properties of post main sequence turnoff stars, and in particular the properties of pulsating variables, has placed analysis of the observational results on a very sound theoretical footing. Although there -17 -are still important effects that elude us, such as the luminosity dependence of Cepheids on metallicity, and determining how pervasive is the need to vary helium content, there has been substantial progress, with the red clump stars now a well-understood distance indicator being a prime example of this. However, we are not home yet. The desire to know the Hubble Constant to ∼ 1% places great demands on both observations and theory, it will require extraordinary care to improve the accuracy of the present result by another factor of two or three.
